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ABSTRACT 

The present article deals with the synthesis of new tridentate O, N and 
O donor Schiff base ligand via condensation of 3-amino-5- 
bromobenzofuran-2-carboxamide with 2-hydroxyquinoline-3- 
carbaldehyde under suitable experimental conditions. The complexes 
were found to have the general composition ML 2 , where M = Co(II), 
Ni(II), Cu(II), Zn(II), Cd(II), Hg(II) and L = Schiff base. The chelation 
of the complexes has been elucidated in the light of analytical, IR, 
mass, ESR spectral and magnetic data. The measured molar 
conductance values shows that, the complexes are non-electrolytic in 
nature. The Schiff base ligand and its metal complexes screened for 
their antimicrobial activity against Bacillus subtilis, Escherichia coli, 
Aspergillus niger and Aspergillus flavus to assess their inhibiting potential by minimum 
inhibitory concentration (MIC) method. In addition, the DNA cleavage activities of all the 
complexes were studied by agarose gel electrophoresis method. 

KEYWORDS: Benzofuran Schiff base, Metal complexes, Antimicrobial activity and DNA 
cleavage. 

INTRODUCTION 

The Schiff bases with O, N and O donor atoms are considered to be an important class of 
ligands in coordination chemistry. Benzofuran compounds are plentiful in nature, 
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predominantly among plants. Natural products possessing benzofuran have potent 
pharmacological properties. Baker’s yeast contains a benzofuran derivative which acts as an 
antioxidant preventing hemorrhaging liver necrosis in rats and hemolysis of red cells during 
vitamin-E deficiency [1] . On the other hand, coordination of metal ions to the Schiff base- 
containing biologically active molecules such as quinolines enriched their efficacy and 
bioactivity [2] . The present work deals with the synthesis of the Schiff base which is obtained 
by the condensation of 3-amino-5-bromobenzofuran-2-carboxamide and 2-hydroxyquinoline- 
3-carbaldehyde. Furthermore insertion of Co(II), Ni(II), Cu(II), Cd(II), Zn(II) and Hg(II) ions 
could result in synthesizing most biologically active compounds. All the synthesized 
compounds have been studied by various spectroscopic techniques and screened for their 
different biological activities. 

Experimental 

All chemicals used were of analytical reagent grade. 3-amino-5-bromobenzofuran-2- 
carboxamide and 2-hydroxyquinoline-3-carbaldehyde were synthesized according to the 
literature procedure [3 ’ 4] . The metal and chloride contents were determined as per Vogel’s 
procedure [5] . Micro-analysis (C, H and N) were estimated out on a Perkin Elmer 240C model 
at the Central Drug Research Institute (CDRI), Lucknow. Infrared spectra of the Schiff base 
and its complexes in KBr pellets were recorded in the spectral range of 4000-350 cm 1 using 
Perkin Elmer Spectrum-one FT-IR spectrometer. The ESR spectrum of the Cu(II) complex in 
the polycrystalline state was recorded on a Varian-E-4X band EPR spectrophotometer using 
TCNE as the ‘g’ marker (g = 2.00277) at room temperature. Mass spectra were recorded with 
a JEOL LC MATE II LC-MS mass spectrometer. Molar conductivity measurements were 

'i 

recorded on a ELICO CM-180 conductivity bridge in DMF (10' M) solution using a dip-type 
conductivity cell fitted with a platinum electrode and the magnetic susceptibility 
measurements were made at room temperature on a Gouy balance using Hg[Co(NCS) 4 ] as 
the calibrant. 

Preparation of 5-bromo-3-((2-hydroxyquinolin-3-yl)methyleneamino)benzofuran-2- 
carboxamide Schiff base ligand. 

An ethanolic solution (25 mL) of 3-amino-5-bromobenzofuran-2-carboxamide (2.55g, 
O.Olmol) and 2-hydroxyquinoline-3-carbaldehyde (1.73g, O.Olmol) were reflux for about 4-5 
h on a water bath in presence of catalytic amount of acetic acid. The progress of the reaction 
was continuously checked with the aid of TLC. The light yellowish colored solid separated 
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on partial evaporation of solvent product obtained from the above reaction after concentration 
of the solvent was filtered, washed with warm ethanol and recrystallized from hot ethanol. 





3-amino-5-bromobenzofiiran-2-carboxamide 


2-hydroxyquinoline-3-carbaldehyde 


Reflux 4-5 h 
alchol 



5-bromo-3-({2-hydroxyquinolin-3-yl)methyleneamino)benzofuran-2-carboxamlde 


Scheme 1: Synthesis of the Schiff base ligand. 

Synthesis of metal complexes 

An ethanolic solution (30 mL) of the Schiff base (2 mmol) was mixed with an ethanolic 
solution (10 mL) of Co(II), Ni(II), Cu(II), Cd(II), Zn(II) and Hg(II) (1 mmol) chlorides and 
refluxed on water bath for 3 h. Then, to the reaction mixture sodium acetate was added to 
adjust the pH to 6.0-7.0, after which immediately solid, intense colored complexes 
precipitated out. The precipitated complexes were further refluxed for about an hour to check 
their stability. Later they were filtered off, washed thoroughly with water and little warm 
ethanol to remove any traces of unreacted starting materials and lastly dried in a vacuum 
desiccator over fused CaCL. 

Biological activities 

In vitro antimicrobial bioassay 

The antimicrobial activities of the newly synthesized Schiff base ligand and its complexes 
were screened in vitro for their antibacterial and antifungal activity against two bacterial and 
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two fungal strains such as, Bacillus subtilis, Escherichia coli, Aspergillus niger and 
Aspergillus flavus in DMSO solvent by well diffusion method [6 l 

Antibacterial activity 

Media used: Peptone 10 g, NaCl 10 g and yeast extract 5 g, Agar 20 g in lOOOmL of distilled 
water. For the antibacterial screening of newly synthesized compounds, 18 hours old bacterial 
inoculums containing approximately 10 4 —10 6 colonies forming units (CFU)/mL were used. 
The wells were dug in the media with the help of a sterile metallic borer with centers at least 
6 mm. Recommended concentration (100 pL) of the test sample was introduced in the 
respective wells. The plates were incubated immediately at 37 °C for 24 h. Activity was 
determined by measuring the diameter of zones showing complete inhibition (mm). The 
antibacterial activity of a common standard antibiotic Gentamicine was also recorded using 
the same procedure as above at the same concentrations and solvent. 

Antifungal activity 

The antifungal activities of test compounds against fungal strains were evaluated by using 
Potato Dextrose Agar (PDA) media having the composition 250 g of peeled potato were 
boiled for 20 min and squeezed and filtered. To this filtrate 20 g of dextrose was added and 
the volume was made up to lOOOmL by distilled water. 

Initially, the stock cultures of Aspergillus niger and Aspergillus flavus were revitalized by 
inoculating in broth media and grown at 27 °C for 48 h. The agar plates of the above media 
were prepared as well as the wells were made in the plate. Each plate was inoculated with 16 
h old cultures (100 pi 10 4 CFU) and broadens uniformly on the plate. After 15 min, the wells 
were filled with different concentrations of test samples. Furthermore, all the plates were 
incubated at 27 °C and the linear growth of the fungus was recorded by measuring the 
diameter of the fungal colony after 48 h. The antifungal activity of a common standard 
antibiotic Fluconazole was also recorded using the same procedure as above at the same 
concentrations and solvent. 

DNA cleavage studies 

The preparation of culture media for the DNA cleavage studies of metal complexes and the 
isolation of DNA were carried out according to the literature procedure [7] . 
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Agarose gel electrophoresis 

The DNA cleavage products were analyzed by agarose gel electrophoresis method [7] . The 
test solutions of metal complexes were prepared by dissolving 10 mg of the compound in 10 
mL of DMSO. The sample (25 pg/mL) was added to the isolated DNA of E. coli. The 
samples were incubated for 2 h at 37 °C, and then 20 pL of DNA sample (mixed with 
bromophenol blue dye at a 1:1 ratio) were loaded carefully into the electrophoresis chamber 
wells along with a standard DNA marker in TAE buffer (4.84 g Tris base, pH 8.0; 0.5 M 
EDTA/1L). Then a constant electricity (50 V) was applied for about 30 min. Finally, the gel 
was removed and stained with 10 pg/mL of ethidium bromide for 10-15 min. The bands 
obtained were observed under the Vilberlourmate Gel documentation system and 
photographed to determine the extent of DNA cleavage. Then the results were compared with 
standard DNA marker. 

RESULTS AND DISCUSSION 

The analytical data and physical properties showed that, the Schiff base and its complexes 
were light in color, stable and non hygroscopic at room temperature (table 1). The complexes 
were sparingly soluble in common organic solvents, but are readily soluble in strong 
coordinating solvents l ik e DMF and DMSO. Measured molar conductance values are very 
low to account for dissociation of the complexes in DMF, indicating the non electrolytic 
nature of the complexes [8] . 


Table -1: Elemental analysis, magnetic susceptibility and molar conductance data of the 


Schiff base ligand and 

its complexes. 

Compounds 

Mol. 

Wt. 

Mp. 

(°C) 

Elemental analysis found and 
(calculated) % 

PefT 

(BM) 

A * 

C 

H 

N 

M 



C 19 H 12 N 3 O 3 B 1 ' 

411 

270 

52.24 

(55.63) 

2.62 

(2.95) 

10.07 

(10.24) 

- 

- 

- 

[Co(Ci 9 H 11 N 3 0 3 Br) 2 ] 

877 

280 

51.88 

(52.02) 

2.37 

(2.53) 

9.34 

(9.58) 

6.53 

(6.72) 

4.45 

12.75 

[Ni(Ci 9 H ll N 3 03 Br) 2 ] 

877 

283 

51.91 

(52.03) 

2.31 

(2.53) 

9.27 

(9.58) 

6.46 

(6.69) 

2.40 

11.54 

[Cu(Ci 9 H 11 N 3 0 3 Br) 2 ] 

881 

290 

51.46 

(51.75) 

2.40 

(2.51) 

9.22 

(9.53) 

7.05 

(7.20) 

1.84 

23.10 

[Cd(C 19 H 11 N 3 0 3 Br) 2 ] 

930 

291 

48.87 

(49.03) 

2.16 

(2.38) 

8.90 

(9.03) 

11.92 

(12.08) 

- 

9.20 

[Zn(Ci 9 H 11 N 3 0 3 Br) 2 ] 

883 

287 

51.47 

(51.64) 

2.26 

(2.51) 

9.20 

(9.51) 

7.28 

(7.40) 

- 

14.52 

[Hg(Ci 9 H 11 N 3 03 Br) 2 ] 

1019 

293 

44.60 

(44.79) 

2.06 

(2.18) 

8.10 

(8.25) 

19.52 

(19.68) 

- 

9.34 

3JC 

Molar conductance values in 0 

mCcnr mol " 1 
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IR spectral studies 

The IR spectra of the prepared Schiff base ligand and its metal complexes exhibited 
characteristic bands of the expected functional groups (table 2). 

The IR spectrum of the free Schiff base ligand showed a broad band at 3402 cm 1 which was 
assigned to the phenolic v(OH). The disappearance of this band upon complexation, reveal 
the participation of phenolic oxygen with metal ions via deprotonation [9 l The band at 3242 
cm 1 is assigned to NH 2 stretching vibrations of primary amide group in Schiff base, which 
practically remains unchanged in the spectra of its complexes suggesting nonparticipation of 
NFT group on chelation . A high intensity strong band observed at 1687 cm" in the Schiff 
base due to v(C=0) stretching of the carbonyl group. This band shifted to a lower wave 
number side in all the complexes indicates the involvement of the carbonyl oxygen in 
bonding with metal ions [10] . A band observed at 1584 cm' 1 is attributed to v(C=N) stretch of 
the quinoline ring which remains unaltered in all the complexes confirming non coordination 
of ring nitrogen in bonding. Further, a medium-to-strong intensity band at 1610 cm 1 in the 
Schiff base ligand attributed to v(C=N) stretch of the azomethine group. Coordination of the 
Schiff base to the metal ions through the nitrogen atom was expected to reduce electron 
density in the azomethine link and lower the v(C=N) absorption frequency. Hence, this band 
shifted to a lower wave number side in all the complexes indicates the participation of the 
azomethine nitrogen in coordination with metal ions [11] . Furthermore, the v(C-O-C) stretch 
was observed within the range of 1010 -1234 cm" 1 , which remains unaltered in the metal 
complexes, indicating non-participation of the furan ring oxygen atom in the bonding with 
metal ions in accordance with previous reports [12] . The weak intensity non-ligand bands 
observed in the region of 468-438 and 586-548 cm 1 in the spectra of the complexes are 
assigned to stretching frequencies of v(M-N) and v (M-O) stretching bands, respectively 
which further supports the coordination of the Schiff base with metal ions via carbonyl 
oxygen and azomethine nitrogen [13] . Hence IR spectral data evidently confirms the 
coordination of the Schiff base ligand with different metal ions. 


Table -2: The infrared frequencies (cm -1 ) of the Schiff base ligand and its complexes. 


Compounds 

VOH 

vc=o 

VC=N 

Vm-O 

Vm-N 

C 19 H 12 N 3 O 3 B 1 ' 

3402 

1687 

1610 

- 

- 

[Co(Ci 9 H„N303Br)2] 

- 

1675 

1594 

552 

455 
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[Ni(Ci 9 HnN 3 0 3 Br) 2 ] 

- 

1638 

1603 

586 

448 

[Cu(Ci 9 Hi 1 N 3 0 3 Br)2] 

- 

1654 

1587 

567 

462 

[Cd(Ci 9 H„N 3 0 3 Br) 2 ] 

- 

1677 

1588 

548 

468 

[Zn(Ci 9 H„N 3 0 3 Br) 2 ] 

- 

1667 

1576 

582 

438 

[Hg(C 19 H n N 3 0 3 Br) 2 ] 

- 

1674 

1592 

553 

461 


Mass spectral studies 

Mass spectroscopy has been progressively more used as a powerful structural 
characterization technique in coordination chemistry. The LC-MS mass spectrum of the 
Schiff base showed a molecular ion peak at m/z 411 which is equivalent to the molecular 
weight of the ligand. 


ESR spectrum of the Cu(II) complex 

In order to get the information concerning to the hyperfine and super hyperfine structure for 
elucidating the geometry of the complex and the donor site of the metal-ligand bonding or 
environment around the metal ion, the X-band ESR spectra of Cu(II) complexes have been 
recorded in the polycrystalline state at room temperature at a frequency of 9.1 GHz with a 
field set of 3000 G. 


The analysis of spectrum gives following data gn = 2.23, gj_ = 2.05, g av = 2.11 and g iso = 2.17. 
The observed gn value for the Cu(II) complex was less than 2.3 was in agreement with the 
covalent character of the metal ligand bond. The spectra show asymmetric band with 
observed values of gn > gi > 2.00277 indicating that the unpaired electrons lay predominantly 
in the in d x \ y “ orbital with possible mixing of d z because of low symmetry 

According to Hathaway, the value of ‘G’ was determined as G = (gn - 2.00277) / (g_ - 
2.00277) = 4.81 which was more than 4 suggesting that there is negligible or no interaction 
between the copper centers which measures the negligible exchange interaction between the 
metal centers in polycrystalline solid [isj. 


Biological activity results 
Antimicrobial activity 
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In the present study, the in vitro antibacterial results indicates that the Schiff base and its 
complexes were found to be more active against E. coli and moderately active against B. 
subtilis as shown in table 3. This may perhaps, owing to the inhibitory activity of Schiff base 
related to the cell wall structure of the bacteria. Since, the membranes of Gram-negative 
bacteria were surrounded by an outer membrane containing lipopolysaccharides. The ligand 
appears to be able to combine with the lipophilic layer to improve the membrane permeability 
of the Gram-negative bacteria. The lipid membrane surrounding the cell favors the passage of 
only lipid soluble materials; as a result the lipophilicity plays an important role in causing the 
death of the Gram negative bacteria effectively [16] . 

In case of antifungal activity, the Schiff base and its complexes exhibit good activity against 
A. flavus than A. niger. 

Hence, the comparative study of in vitro antimicrobial activity of the Schiff base and its 
Co(H), Ni(II), Cu(II), Zn(II), Cd(II) and Hg(II) complexes indicate that all the metal 
complexes show promising activity than the corresponding Schiff base. In other words the 
antimicrobial activity of the Schiff base was enhanced upon complex formation with different 
metal ions. 

Table- 3: Antimicrobial activity results of the Schiff base ligand and its metal 
complexes. 


Compound 

Concentration 
(pgmL *) 

Zone of Inhibition against 
bacteria (mm) 

Zone of Inhibition 
against fungi (mm) 

B. subtilis 

E. coli 

A. flavus 

A. niger 

C 19 H 12 N 3 O 3 B 1 ' 

50 

6 

7 

6 

6 

100 

10 

12 

10 

10 

200 

14 

15 

12 

14 

[CoCCigHnNaOaBrJd 

50 

12 

13 

11 

10 

100 

16 

15 

16 

14 

200 

19 

18 

19 

18 

[NiCCisHnNaOaBrh] 

50 

8 

9 

9 

8 

100 

12 

14 

13 

11 

200 

17 

12 

18 

17 

[CuCCwHuNaOaBrJd 

50 

10 

11 

10 

9 

100 

14 

17 

13 

12 

200 

18 

19 

19 

16 

[CdCCigHnNaOaBrJd 

50 

10 

12 

9 

8 

100 

14 

16 

12 

11 

200 

20 

22 

17 

15 
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[Zn(C 1 9H 11 N 3 0 3 Br) 2 ] 

50 

12 

12 

10 

8 

100 

17 

17 

14 

12 

200 

19 

19 

18 

17 

[Hg(Ci 9 H n N 3 0 3 Br) 2 ] 

50 

17 

18 

15 

14 

100 

16 

18 

17 

15 

200 

18 

20 

19 

18 

Gentamicine 

200 

27 

30 

- 

- 

Fluconazole 

200 

- 

- 

25 

23 


DNA cleavage result 

The Co(II), Ni(II), Cu(II), Cd(II), Zn(II) and Hg(II) complexes were studied for their DNA 
cleavage activity by agarose gel electrophoresis method against DNA the of E. coli. 
Deoxyribonucleic acid (DNA) was the principle target molecule for most of the anticancer 
and antiviral therapies. Gel electrophoresis works on the migration of DNA under the 
influence of electric potential. The cleavage efficiency of the complexes compared to that of 
the control was due to their efficient DNA-binding ability. DNA-binding studies help in the 
rational designing and construction of new and more competent drugs targeted to DNA [I7] . 
The gel electrophoresis plainly revealed that, all the complexes (lanes 1-6) have acted on 
DNA as there was molecular weight difference between the control and the treated DNA 
samples as shown in figure 1. The difference was observed in bands of lanes 1-6 compared to 
the control. However, the nature of reactive intermediates and the mechanism involved in the 
DNA cleavage by the complexes was not clear. 



Figure 1: DNA Cleavage study of Cu(II), Ni(II), Co(II), Zn(II), Cd(II) and Hg(II) 
complexes. 
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CONCLUSION 

In conclusion, we describe the synthesis of a new tridentate (O, N and O) Schiff base ligand 
with various metal ions. The synthesized Schiff base ligand and its metal complexes 
individually exhibited varying degrees of inhibitory effects on the growth of the tested 
bacterial and fungal species. The antimicrobial results evidently show that the activity of the 
Schiff-base compounds became more pronounced when coordinated to the metal ions. The 
DNA cleavage results revealed that the metal complexes showed good efficiency towards 
DNA cleavage. Hence based upon above findings the proposed structure of the Schiff base 
metal complexes is shown in figure 2. 


Bl 



Br 


Figure 2: Proposed Structures of complexes. Where M= Co(II), Ni(II), Cu(II), Zn(II), 
Cd(II) and Hg(II) complexes. 
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